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FERROELECTRIC MEMORY AND METHOD OF FABRICATING THE SAME 



[0001] Japanese Patent Application No. 2000-199987, filed on June 30, 
2000, is hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0002] The present invention relates to a ferroelectric memory using a 
ferroelectric material for memory cells. More particularly, the present invention 
relates to a passive address ferroelectric memory in which each memory cell is 
formed by one ferroelectric capacitor instead of using a cell transistor. 

2. Description of Related Art 

[0003] A conventional example of this type of ferroelectric memory is 
disclosed in International Patent Application No. WO99/12170 and Japanese Patent 
Application Laid-open No. 9-1 16107. Such a ferroelectric memory includes a passive 
matrix array in which memory cells formed of ferroelectric capacitors are arranged in 
rows and columns, and peripheral circuits for performing data read or write operations 
for each memory cell and the like. 6 

[0004] As shown in Figs. 24 and 25, the passive matrix array includes a 
ferroelectric film 1, a plurality of upper electrodes 2 secured on the upper side of the 
ferroelectric film 1 , arranged in the X direction, and a plurality of lower electrodes 3 
secured on the lower side of the ferroelectric film 1 , arranged in the Y direction. 
Memory cells 4 formed of ferroelectric capacitors are formed at each intersection 
point between the electrodes 2 and 3. Data is read from or written into each memory 
cell 4 by peripheral circuits (not shown). 

[0005] Such a conventional ferroelectric memory is fabricated by 
integrating the passive matrix array and the peripheral circuits on a single substrate in 
one plane. Some of the fabrication steps for the ferroelectric memory are described 
below with reference to Figs. 26A, 26B, and 26C. 

[0006] Fig. 26A is a cross-sectional view showing the formation of a MOS 
transistor which makes up the peripheral circuits. In Fig. 26A, a silicon substrate 11, 
a source region 12, a drain region 13, a gate insulating film 14, a gate electrode 15, a 
buried plug 16, a LOCOS oxide film 17, and interlayer dielectrics 18 and 19 are 
illustrated. 
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[0007] Fig. 26B is a cross-sectional view showing the formation of a 
passive matrix array. The formation procedure is as follows. As shown in Fig. 26B, a 
metal film is formed on the interlayer dielectric 19. A lower electrode 21 is formed 
by etching the metal film. A ferroelectric film 22 is formed on the lower electrode 21. 
5 A metal film is formed on the ferroelectric film 22. An upper electrode 23 is formed 
by etching the metal film. As a material for the ferroelectric film 22, PZT (PbZri. 
x Ti x 0 3 ), SBT (SrBi 2 Ta 2 0 9 ), or the like is used. 

[0008] Fig. 26C is a cross-sectional view showing the formation of a 
protective layer. The formation procedure is as follows. As shown in Fig. 26C, a 
10 protective layer 24 is formed on the upper electrode 23 and the like. Through-holes 
are formed in the protective layer 24 in the direction of the thickness of the protective 
layer 24. A metal film is formed on the protective layer 24. A wiring layer 25 is 
formed by etching the metal film. A protective layer 26 is formed on the wiring 
layer 25. 

1 5 [0009] During the formation of the passive matrix array shown in Fig. 

26B, a high temperature treatment (at about 700°C) is performed in an oxygen 
atmosphere for forming the ferroelectric film 22. This causes the MOS transistor that 
is formed in advance to deteriorate. In order to compensate for this deterioration, a 
thermal treatment is performed in a hydrogen atmosphere in the succeeding step. 

20 However, this causes the ferroelectric characteristics of the ferroelectric film 22 to 
deteriorate. Therefore, the completed device must be operated at a point of 
compromise between these deteriorations. 

[0010] Moreover, the component of the ferroelectric film 22 is diffused 
into a region of the MOS transistor during the formation of the ferroelectric film 22, 

25 thereby decreasing the performance of the MOS transistor. 

[0011] Therefore, in the case of integrating the passive matrix array and 
the peripheral circuits on a single substrate, such as in the case of fabricating a 
conventional ferroelectric memory, the fabrication process is limited to a large extent 
as described above. 

30 SUMMARY OF THE INVENTION 

[0012] The present invention addresses the above problems. It is an object 
of the invention to provide a ferroelectric memory capable of reducing the degree of 
limitations in the fabrication process, and a method of fabricating the same. 
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[0013] In order to solve the above problems and to achieve the object of 
the present invention, the present invention has the following features. 

[0014] Specifically, A ferroelectric memory according to the invention 
includes: a passive matrix array in which memory cells formed of ferroelectric 
5 capacitors are arranged; and a peripheral circuit for the passive matrix array. The 
passive matrix array is formed on a microstructure, and the peripheral circuit is 
formed on a substrate. The microstructure is integrated on the substrate. 

[0015] A ferroelectric memory according to another aspect of the 
invention includes: a passive matrix array in which memory cells formed of 
10 ferroelectric capacitors are arranged; and a peripheral circuit for the passive matrix 
array. The passive matrix array is formed on a substrate. The peripheral circuit is 
formed on a microstructure. The microstructures is integrated on the substrate. 

[0016] A ferroelectric memory according to another aspect of the 
invention includes: a passive matrix array in which memory cells formed of 
15 ferroelectric capacitors are arranged; and a peripheral circuit for the passive matrix 
array. The passive matrix array is formed on a first microstructure. The peripheral 
circuit is formed on a second microstructure. The first and second microstructures are 
integrated on a substrate. 

[0017] According to another aspect of the invention, in the above 
20 ferroelectric memory, a plurality of passive matrix arrays may be formed on the 
microstructures; and a plurality of peripheral circuits may be formed on the 
microstructures. 

[0018] According to another aspect of the invention, in the above 
ferroelectric memory, a recess portion in which the microstructure is provided may be 
25 formed in the substrate; and the microstructure may be provided in the recess portion 
and integrated on the substrate. 

[0019] According to another aspect of the invention, in the above 
ferroelectric memory, the substrate may be formed by transfer-molding a 
photocurable resin. 

30 [0020] A ferroelectric memory according to another aspect of the 

invention includes: a passive matrix array in which memory cells formed of 
ferroelectric capacitors are arranged; a peripheral circuit for the passive matrix array; 
and a plurality of pairs of the passive matrix array formed on a first microstructure 
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and the peripheral circuit formed on a second microstructure. At least one of the pairs 
is provided on each side of a substrate. 

[0021] A ferroelectric memory according to another aspect of the 
invention includes: a passive matrix array in which memory cells formed of 
5 ferroelectric capacitors are arranged; a peripheral circuit for the passive matrix array; 
and an associated circuit having the same function as the ferroelectric memory or a 
different function from the ferroelectric memory. The passive matrix array, the 
peripheral circuit and the associated circuit are formed on each of a plurality of 
microstructures. The microstructures are integrated on a single substrate. 
1 0 [0022] A ferroelectric memory according to another aspect of the 

invention includes: a passive matrix array in which memory cells formed of 
ferroelectric capacitors are arranged; and a peripheral circuit for the passive matrix 
array. The passive matrix array and the peripheral circuit are integrated on a single 
microstructure. 

15 [0023] A ferroelectric memory according to another aspect of the 

invention includes: a passive matrix array in which memory cells formed of 
ferroelectric capacitors are arranged; and a peripheral circuit for the passive matrix 
array. The passive matrix array is formed on a first microstructure. The peripheral 
circuit is formed on a second microstructure which is larger than the first 

20 microstructure. The first microstructure is provided in a part of the second 
microstructure to be integrated. 

[0024] A ferroelectric memory according to another aspect of the 
invention includes: a passive matrix array in which memory cells formed of 
ferroelectric capacitors are arranged; and a peripheral circuit for the passive matrix 

25 array. The passive matrix array is formed on each of a plurality of microstructures, 
and the microstructures are provided in layers to be integrated in a substrate. 

[0025] Another aspect of the invention provides a method of fabricating a 
ferroelectric memory which includes: a passive matrix array in which memory cells 
formed of ferroelectric capacitors are arranged; and a peripheral circuit for the passive 

30 matrix array. The passive matrix array is formed on a microstructure, and the 

peripheral circuit is formed on a substrate. The microstructure is integrated on the 
substrate. 

[0026] Another aspect of the invention provides a method of fabricating a 
ferroelectric memory which includes: a passive matrix array in which memory cells 
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formed of ferroelectric capacitors are arranged; and a peripheral circuit for the passive 
matrix array. The passive matrix array is formed on a substrate. The peripheral 
circuit is formed on a microstructure. The microstructure is integrated on the 
substrate. 

5 [0027] Another aspect of the invention provides a method of fabricating a 

ferroelectric memory which includes: a passive matrix array in which memory cells 
formed of ferroelectric capacitors are arranged; and a peripheral circuit for the passive 
matrix array. The passive matrix array is formed on a first microstructure. The 
peripheral circuit is formed on a second microstructure. The first and second 

10 microstructures are integrated on a substrate. 

[0028] According to another aspect of the invention, in the method of 
fabricating a ferroelectric memory as discussed above, a substrate having a recess 
portion which corresponds to a shape of the microstructure may be provided; and the 
microstructure may be provided in the corresponding recess portion in the substrate to 

15 be integrated. 

[0029] According to another aspect of the invention, in the method of 
fabricating a ferroelectric memory as discussed above, the microstructure may be 
provided in the recess portion in the substrate by providing a fluid which contains the 
microstructure to a surface of the substrate. 

20 [0030] Another aspect of the invention provides a method of fabricating a 

ferroelectric memory which includes: a passive matrix array in which memory cells 
formed of ferroelectric capacitors are arranged; and a peripheral circuit for the passive 
matrix array. A plurality of pairs of the passive matrix array formed on a first 
microstructure and the peripheral circuit formed on a second microstructure are 

25 provided. At least one of the pairs is integrated on each side of a substrate. 

[0031] Another aspect of the invention provides a method of fabricating a 
ferroelectric memory which includes: a passive matrix array in which memory cells 
formed of ferroelectric capacitors are arranged; and a peripheral circuit for the passive 
matrix array. The passive matrix array is formed on a first microstructure. The 

30 peripheral circuit is formed on a second microstructure which is larger than the first 
microstructure. The first microstructure is provided in a part of the second 
microstructure to be integrated. 

[0032] Another aspect of the invention provides a method of fabricating a 
ferroelectric memory which includes: a passive matrix array in which memory cells 
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formed of ferroelectric capacitors are arranged; and a peripheral circuit for the passive 
matrix array. The passive matrix array is formed on each of a plurality of 
microstructures. The microstructures are provided in layers to be integrated in a 
substrate. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] Fig. 1 is a plan view showing a ferroelectric memory according to a 
first embodiment of the present invention; 

Fig. 2 is a cross-sectional view taken along plane A-A shown in Fig. 1, in 
which only the cross section of a passive matrix array microchip is illustrated, with 
10 other elements being omitted; 

Fig. 3 is a plan view showing an example of a modification of the first 
embodiment; 

Fig. 4 is a plan view showing a ferroelectric memory according to a second 
embodiment of the present invention; 
15 Fig. 5 is a cross-sectional view taken along plane B-B shown in Fig. 4, in 

which only the cross section of a passive matrix array microchip is illustrated and 
other elements are omitted; 

Fig. 6 is a plan view showing an example of a modification of the second 
embodiment; 

20 Fig. 7 is a plan view showing a ferroelectric memory according to a third 

embodiment of the present invention; 

Fig. 8 is a cross-sectional view taken along plane C-C shown in Fig. 7, in 
which only the cross section of a word line driver circuit microchip is illustrated, with 
other elements being omitted; 
25 Fig. 9 is a plan view showing a ferroelectric memory according to a fourth 

embodiment of the present invention; 

Fig. 1 0 is a plan view showing a ferroelectric memory according to a fifth 
embodiment of the present invention; 

Fig. 1 1 is a cross-sectional view taken along plane D-D shown in Fig. 10; 
30 Fig. 12 is a plan view showing a ferroelectric memory according to a sixth 

embodiment of the present invention; 

Fig. 13 is a plan view showing an example of a modification of the sixth 
embodiment; 



Fig. 14 is a plan view showing a ferroelectric memory according to a seventh 
embodiment of the present invention; 

Fig. 15 is a cross-sectional view taken along plane E-E shown in Fig. 14; 

Fig. 16 is a plan view showing a ferroelectric memory according to an eighth 
embodiment of the present invention; 

Fig. 17 is a plan view showing a ferroelectric memory according to a ninth 
embodiment of the present invention; 

Fig. 1 8 is a plan view showing a ferroelectric memory according to a tenth 
embodiment of the present invention; 

Fig. 19 is a plan view showing a ferroelectric memory according to an 
eleventh embodiment of the present invention; 

Fig. 20 is a plan view showing a ferroelectric memory according to a twelfth 
embodiment of the present invention; 

Fig. 21 is a cross-sectional view taken along plane F-F shown in Fig. 20, in 
which only the cross section of a passive matrix array microchip is illustrated, with 
other elements being omitted; 

Fig. 22 is a cross-sectional view showing a ferroelectric memory according 
to a thirteenth embodiment of the present invention; 

Fig. 23 is a cross-sectional view showing a ferroelectric memory according 
to a fourteenth embodiment of the present invention; 

Fig. 24 is a plan view showing the structure of a passive matrix array; 

Fig. 25 is a cross-sectional view taken along plane G-G shown in Fig. 24; 

Figs. 26A, 26B, and 26C are views for describing fabrication steps for a 
conventional ferroelectric memory. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0034] Embodiments of the present invention are described below with 
reference to the drawings. 

[0035] A first embodiment of the ferroelectric memory of the present 
invention is described below with reference to Figs. 1 and 2. In the ferroelectric 
memory according to the first embodiment, a passive matrix array microchip 41 is 
integrated on a peripheral circuit substrate 42, as shown in Figs. 1 and 2. 

[0036] The passive matrix array microchip 41 is a microchip of a passive 
matrix array having a structure shown in Figs. 24 and 25. A tapered recess portion 46 
is formed at approximately the center of the peripheral circuit substrate 42. The 
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passive matrix array microchip 41 is positioned in the recess portion 46 and integrated 
on the peripheral circuit substrate 42. This passive matrix array microchip is provided 
by forming a passive matrix array on a silicon substrate, a plastic sheet, a glass 
substrate, a ceramic substrate, or the like, and performing cutting or anisotropic 
5 etching to provide a microstructure. A word line driver circuit 43, a bit line driver 
circuit (including sense amplifier) 44, and a control circuit 45 are formed on the 
peripheral circuit substrate 42 as peripheral circuits for the passive matrix array 
microchip 41 , so as to enclose the area in which the passive matrix array microchip 41 
is integrated. 

1 0 [0037] In each of the following embodiments, "a passive matrix array" 

refers to a memory cell array having the structure shown in Figs. 24 and 25. 

[0038] As the peripheral circuit substrate 42, a silicon wafer (silicon 
substrate) or the like may be used. In each of the following embodiments, substrates 
illustrated above may be used. 

1 5 [0039] In each of the following embodiments, "a microchip" is formed by 

forming circuits on a silicon substrate, a plastic sheet, a glass substrate, a ceramic 
substrate, or the like, and performing cutting or anisotropic etching to provide a 
microstructure. 

[0040] An example of a method of fabricating the ferroelectric memory 
20 haying the above structure according to the first embodiment is described below. 

[0041] A passive matrix array is provided on the passive matrix array 
microchip 41 as a microstructure. The recess portion 46 that positions the passive 
matrix array microchip 41 is formed at approximately the center of the peripheral 
circuit substrate 42. The word line driver circuit 43, the bit line driver circuit 44, and 
25 the control circuit 45 are formed around the recess portion 46. 

[0042] The passive matrix array microchip 41 is positioned in the recess 
portion 46 formed in the peripheral circuit substrate 42. The passive matrix array 
microchip 41 is integrated on the peripheral circuit substrate 42 through specific 
processing, including electrically connecting the passive matrix array microchip 41 to 
30 the word line driver circuit 43, the bit line driver circuit 44, and the like. 

[0043] As described above, according to the first embodiment, the passive 
matrix array and the peripheral circuits therefor can be separately fabricated. 
Therefore, the peripheral circuits are not adversely affected when fabricating the 
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passive matrix array, thereby decreasing the degree of limitation in the fabrication 
process. 

[0044] Fig. 3 shows an example of a modification of the first embodiment. 
In this modification example, the control circuit 45 formed on the peripheral circuit 
5 substrate 42 shown in Fig. 1 is omitted. The structure of other components of this 
modification example is the same as the structure shown in Fig. 1 . Therefore, the 
same components are represented by using the same symbols, and detailed description 
of these components is omitted. 

[0045] A second embodiment of the ferroelectric memory of the present 
10 invention is described below with reference to Figs. 4 and 5. 

[0046] The ferroelectric memory according to the second embodiment 
increases the size of the first embodiment shown in Fig. 1 . As shown in Fig. 4, a 
large-sized peripheral circuit substrate 42A is used in place of the peripheral circuit 
substrate 42 shown in Fig. 1. A plurality of (nine in this example) passive matrix 
15 array microchips 41 are integrated on the peripheral circuit substrate 42 A. 

[0047] Accompanied by this structure, a word line driver circuit 43 A, a bit 
line driver circuit (including sense amplifier) 44A, and a control circuit 45 A formed 
on the peripheral circuit substrate 42 A are also increased in size. 

[0048] An example of a method of fabricating the ferroelectric memory 
20 having the above structure according to the second embodiment is described below. 

[0049] A plurality of passive matrix array microchips 41 as 
microstructures are provided as the passive matrix arrays. A plurality of recess 
portions 46 A that position the passive matrix array microchip 41 are formed at 
approximately the center of the peripheral circuit substrate 42A. The word line driver 
25 circuit 43 A, the bit line driver circuit 44A, and the control circuit 45A are formed so 
as to enclose the recess portions 46A. 

[0050] The passive matrix array microchips 41 are positioned in each 
recess portion 46A formed in the peripheral circuit substrate 42A. A plurality of 
passive matrix array microchips 41 is integrated on the peripheral circuit substrate 
30 42 A through specific processing, including electrically connecting the passive matrix 
array microchips 41 to the word line driver circuit 43 A, the bit line driver circuit 44 A, 
and the like. 

[0051] As described above, according to the second embodiment, the 
passive matrix array and the peripheral circuits therefor can be separately fabricated. 
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Therefore, the peripheral circuits are not adversely affected when fabricating the 
passive matrix array, thereby decreasing the degree of limitation in the fabrication 
process. 

[0052] According to the second embodiment, since a plurality of passive 
5 matrix array microchips 41 are provided, a large-scale ferroelectric memory can be 
fabricated. 

[0053] Fig. 6 shows an example of a modification of the second 
embodiment. In this modification example, the control circuit 45A formed on the 
peripheral circuit substrate 42A shown in Fig. 4 is omitted. The structures of other 
10 components of this modification example are the same as the structure shown in 

Fig. 1. Therefore, the same components are represented by using the same symbols, 
and detailed description of these components is omitted. 

[0054] A third embodiment of the ferroelectric memory of the present 
invention is described below with reference to Figs. 7 and 8. 
1 5 [0055] In the ferroelectric memory according to the third embodiment, a 

word line driver circuit microchip 52 and a bit line driver circuit microchip 53 are 
integrated on a passive matrix array substrate 51, as shown in Figs. 7 and 8. 

[0056] A passive matrix array 54 is formed at approximately the center of 
the passive matrix array substrate 5 1 . The word line driver circuit microchip 52 and 
20 the bit line driver circuit microchip 53 are provided by forming a word line driver 
circuit and a bit line driver circuit that performs read or write operation for each 
memory cell of the passive matrix array on a silicon substrate or the like, and 
performs cutting or anisotropic etching to provide microstructures. 

[0057] An example of a method of fabricating the ferroelectric memory 
25 having the above structure according to the third embodiment is described below. 

[0058] The word line driver circuit microchip 52 and the bit line driver 
circuit microchip 53 are provided. The passive matrix array 54 is formed at 
approximately the center of the passive matrix array substrate 51 . A recess portion 55 
that positions the word line driver circuit microchip 52 and a recess portion (not 
30 shown) that positions the bit line driver circuit microchip 53 are formed around the 
passive matrix array 54. 

[0059] The word line driver circuit microchip 52 and the bit line driver 
circuit microchip 53 are positioned in the recess portion 55 and the like formed in the 
passive matrix array substrate 5 1 . The word line driver circuit microchip 52 and the 
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bit line driver circuit microchip 53 are integrated on the passive matrix array substrate 
5 1 through specific processing including electrically connecting these microchips to 
the passive matrix array 54. 

[0060] As described above, according to the third embodiment, the passive 
5 matrix array and the peripheral circuits therefor can be separately fabricated. 

Therefore, the peripheral circuits are not adversely affected when fabricating the 
passive matrix array, thereby decreasing the degree of limitation in the fabrication 
process. 

[0061] A fourth embodiment of the ferroelectric memory of the present 

10 invention is described below with reference to Fig. 9. 

[0062] The ferroelectric memory according to the fourth embodiment 
increases the size of the third embodiment shown in Fig. 7. As shown in Fig. 9, a 
large-sized passive matrix array substrate 51 A is used in place of the passive matrix 
array substrate 51 shown in Fig. 7. A plurality of word line driver circuit microchips 

15 52 and a plurality of bit line driver circuit microchips 53 are integrated on the passive 
matrix array substrate 51 A. Accompanied by this, a passive matrix array 54A formed 
on the passive matrix array substrate 51A is also increased in size. 

[0063] An example of a method of fabricating the ferroelectric memory 
having the above structure according to the fourth embodiment is described below. 

20 [0064] A plurality of word line driver circuit microchips 52 and a plurality 

of bit line driver circuit microchips 53 are respectively provided. The passive matrix 
array 54A is formed at approximately the center of the passive matrix array substrate 
51 A. A plurality of recess portions (not shown) that position the word line driver 
circuit microchips 52 and a plurality of recess portions (not shown) that position the 

25 bit line driver circuit microchips 53 are formed around the passive matrix array 54 A. 

[0065] A plurality of word line driver circuit microchips 52 and a plurality 
of bit line driver circuit microchips 53 are positioned in each recess portion formed in 
the passive matrix array substrate 51 A. A plurality of word line driver circuit 
microchips 52 and a plurality of bit line driver circuit microchips 53 are integrated on 

30 the passive matrix array substrate 51 A through specific processing, including 
electrically connecting these microchips to the passive matrix array 54A. 

[0066] As described above, according to the fourth embodiment, the 
passive matrix array and the peripheral circuits therefor can be separately fabricated. 
Therefore, the peripheral circuits are not adversely affected when fabricating the 
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passive matrix array, thereby decreasing the degree of limitation in the fabrication 
process. 

[0067] According to the fourth embodiment, a plurality of word line driver 
circuit microchips 52 and the like are provided, whereby a large-scale ferroelectric 
5 memory can be fabricated. 

[0068] A fifth embodiment of the ferroelectric memory of the present 
invention is described below with reference to Figs. 10 and 11. 

[0069] In the ferroelectric memory according to the fifth embodiment, a 
passive matrix array microchip 62, a word line driver circuit microchip 63, and a bit 
10 line driver circuit microchip 64 are integrated on a substrate 61, as shown in Figs. 10 
and 11. 

[0070] The passive matrix array microchip 62 is a microchip of a passive 
matrix array. The word line driver circuit microchip 63 and the bit line driver circuit 
microchip 64 are microchips of a word line driver circuit and a bit line driver circuit 

15 as peripheral circuits that perform read or write operation for each memory cell of the 
passive matrix array. 

[0071] A recess portion 65 that positions the passive matrix array 
microchip 62 is formed at approximately the center of the substrate 61 . A recess 
portion 66 that positions the word line driver circuit microchip 63 and a recess portion 

20 (not shown) that position the bit line driver circuit microchip 64 are formed around 
the recess portion 65. Each of the microchips 62 and 63 is positioned in each recess 
portion and integrated on the substrate 61 . 

[0072] An example of a method of fabricating the ferroelectric memory 
having the above structure according to the fifth embodiment is described below. 

25 [0073] The passive matrix array microchip 62, the word line driver circuit 

microchip 63, and the bit line driver circuit microchip 64 are respectively provided. 
The recess portion 65 that positions the passive matrix array microchip 62 is formed 
at the center of the substrate 61 . The recess portion 66 that positions the word line 
driver circuit microchip 63 and the recess portion (not shown) that positions the bit 

30 line driver circuit microchip 64 are formed around the recess portion 65. 

[0074] The passive matrix array microchip 62, the word line driver circuit 
microchip 63, and the bit line driver circuit microchip 64 are positioned in each recess 
portion formed in the substrate 61 . Specific processing including electrically 
connecting the word line driver circuit microchip 63 and the bit line driver circuit 
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microchip 64 to the passive matrix array microchip 62 are performed, thereby 
integrating these microchips on the substrate 61. 

[0075] As described above, according to the fifth embodiment, the passive 
matrix array and the peripheral circuits therefor can be separately fabricated. 
5 Therefore, the peripheral circuits are not adversely affected when fabricating the 
passive matrix array, thereby decreasing the degree of limitation in the fabrication 
process. 

[0076] A sixth embodiment of the ferroelectric memory of the present 
invention is described below with reference to Fig. 12. 

1 o [0077] The ferroelectric memory according to the sixth embodiment 

increases the size of the fifth embodiment shown in Fig. 10. As shown in Fig. 12, a 
large-sized substrate 61 A is used in place of the substrate 61 shown in Fig. 10. A 
plurality of (nine in this example) passive matrix array microchips 62 is integrated at 
approximately the center of the substrate 61 A. A plurality of word line driver circuit 

1 5 microchips 63 A and a plurality of bit line driver circuit microchips 64A are integrated 
on the substrate 61 A around the passive matrix array microchips 62. 

[0078] An example of a method of fabricating the ferroelectric memory 
having the above structure according to the sixth embodiment is described below. 
[0079] A plurality of passive matrix array microchips 62, a plurality of 

20 word line driver circuit microchips 63 A, and a plurality of bit line driver circuit 
microchips 64 A are provided. Recess portions that position each of the passive 
matrix array microchips 62, the word line driver circuit microchips 63 A, and the bit 
line driver circuit microchips 64A are formed in the substrate 61 A. 

[0080] A plurality of passive matrix array microchips 62, a plurality of 

25 word line driver circuit microchips 63 A, and a plurality of bit line driver circuit 

microchips 64A are positioned in each recess portion formed in the substrate 61 A. 
Specific processing, including electrically connecting a plurality of word line driver 
circuit microchips 63 A and a plurality of bit line driver circuit microchips 64A to a 
plurality of passive matrix array microchips 62, is performed, thereby integrating 

3 0 these microchips on the substrate 6 1 A. 

[0081] As described above, according to the sixth embodiment, the 
passive matrix array and the peripheral circuits therefor can be separately fabricated. 
Therefore, the peripheral circuits are not adversely affected when fabricating the 



14 

passive matrix array, thereby decreasing the degree of limitation in the fabrication 
process. 

[0082] According to the sixth embodiment, a plurality of passive matrix 
array microchips 62, a plurality of word line driver circuit microchips 63 A, and the 
5 like are provided, whereby a large-scale ferroelectric memory can be fabricated. 

[0083] Fig. 1 3 shows a modification example of the sixth embodiment. In 
this modification example, a control circuit microchip 67 which is a microchip for a 
control circuit is additionally integrated on the substrate 61 A shown in Fig. 12. The 
structure of other components of this modification example are the same as the 
10 structure shown in Fig. 12. Therefore, the same components are represented by using 
the same symbols, and detailed description of these components is omitted. 

[0084] A seventh embodiment of the ferroelectric memory of the present 
invention is described below with reference to Figs. 14 and 15. 

[0085] In the ferroelectric memory according to the seventh embodiment, 
15 a passive matrix array microchip 62, a word line driver circuit microchip 63 A, and a 
bit line driver circuit microchip 64A, each having a different shape as shown in 
Fig. 14, are respectively used in place of the passive matrix array microchip 62, the 
word line driver circuit microchip 63, and the bit line driver circuit microchip 64 of 
the fifth embodiment shown in Fig. 10. Each of these microchips is integrated on the 
20 substrate 61. 

[0086] A recess portion 65A that positions the passive matrix array 
microchip 62A is formed at approximately the center of the substrate 61. A recess 
portion 66A for positioning the word line driver circuit microchip 63 A and a recess 
portion (not shown) that position the bit line driver circuit microchip 64A are formed 
25 around the recess portion 65A. Each of the microchips 62A and 63 A is positioned in 
each recess portion and integrated on the substrate 61 . 

[0087] It is preferable to form the substrate 61 by transfer molding a 
photocurable resin so that the substrate 61 can be fabricated at low cost. 

[0088] An example of a method of fabricating the ferroelectric memory 
30 having the above structure according to the seventh embodiment is described below. 

[0089] The passive matrix array microchip 62A, the word line driver 
circuit microchip 63A, and the bit line driver circuit microchip 64A, each having a 
different shape, are provided. The recess portions 65 A and 66A that position each of 
the microchips 62 A to 64 A are formed in the substrate 61 . 
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[0090] Each of the microchips 62A to 64A is positioned (arranged) in each 
corresponding recess portion formed in the substrate 61. 

[0091] The microchips 62A to 64A are preferably arranged in each 
corresponding recess portion formed in the substrate 61 by applying fluid containing 
5 the microchips 62 A to 64 A to the surface of the substrate 61. 

[0092] After forming an insulating sealing film 68 on the microchips 62A 
to 64A, the microchips 62A to 64A are integrated on the substrate 61 through specific 
processing including electrically connecting the word line driver circuit microchip 
63 A and the like to the passive matrix array microchip 62A through wiring 69. 
10 [0093] As described above, according to the seventh embodiment, the 

passive matrix array and the peripheral circuits therefor can be separately fabricated. 
Therefore, the peripheral circuits are not adversely affected when fabricating the 
passive matrix array, thereby decreasing the degree of limitation in the fabrication 
process. 

1 5 [0094] According to the seventh embodiment, the passive matrix array and 

the peripheral circuits are formed using the microchips 62 A to 64 A that each have a 
different shape. Each of the microchips 62A to 64A is positioned in each 
corresponding recess portion formed in the substrate 61. Therefore, the microchips 
62 A to 64 A can be mounted on the substrate 61 at the same time by applying fluid 

20 containing the microchips 62 A to 64 A to the surface of the substrate 61 . 

[0095] In the seventh embodiment, the substrate 61 can be fabricated at 
low cost by forming the substrate 61 by transfer molding a photocurable resin. 

[0096] An eighth embodiment of the ferroelectric memory of the present 
invention is described below with reference to Fig. 16. 

25 [0097] The ferroelectric memory according to the eighth embodiment 

includes a pair of ferroelectric memories 70, each of which includes the passive 
matrix array microchip 62A, the word line driver circuit microchip 63 A, and the bit 
line driver circuit microchip 64A of the seventh embodiment shown in Fig. 14. Each 
of the microchips 62A to 64A of one of the pair of ferroelectric memories 70 is 

30 integrated on the front face of the substrate 61, as shown in Fig. 16. Each of the 

microchips 62A to 64A of the other ferroelectric memory 70 is integrated on the back 
face of the substrate 6 1 . 
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[0098] The fabrication method for the seventh embodiment is applicable 
to the fabrication method for the eighth embodiment. Therefore, description thereof is 
omitted. 

[0099] As described above, according to the eighth embodiment, each of 
5 the passive matrix array and the like are formed by microchips, and each of these 
microchips is disposed on either the front face or the back face of the substrate 61 . 
Therefore, not only can the degree of limitation in the fabrication process be 
decreased, but also a large-capacity, large-scale ferroelectric memory can be 
fabricated. 

1 0 [00100] A ninth embodiment of the ferroelectric memory of the present 

invention is described below with reference to Fig. 17. 

[00101] In the ferroelectric memory according to the ninth embodiment, a 
plurality of microchips, which make up the ferroelectric memory, and an SRAM 
microchip 76, which makes up an SRAM that has the same function as the 

15 ferroelectric memory, are integrated on a substrate 71, as shown in Fig. 17. A 

plurality of microchips which make up the ferroelectric memory includes a passive 
matrix array microchip 72, a word line driver circuit microchip 73, a bit line driver 
circuit microchip 74, and a control circuit microchip 75, as shown in Fig. 17. 

[00102] The passive matrix array microchip 72, the word line driver circuit 

20 microchip 73, and the bit line driver circuit microchip 74 respectively correspond to 
the passive matrix array microchip 62, the word line driver circuit microchip 63, and 
the bit line driver circuit microchip 64 shown in Fig. 10. The control circuit 
microchip 75 is a microchip of a control circuit. The SRAM microchip 76 is a 
microchip of an SRAM. 

25 [00103] In the above example, a plurality of microchips, which make up the 

ferroelectric memory, and the SRAM microchip 76, which makes up an SRAM that 
has the same function as the ferroelectric memory, are integrated on the substrate 71 . 
However, the SRAM microchip 76 may be replaced by a microchip of specific 
associated circuits having a function differing from the ferroelectric memory. The 

30 present embodiment may be applied to a structure in which circuits having different 
functions such as a passive matrix array and a bit line driver circuit are integrated in a 
single microchip. 

[00104] An example of a method of fabricating the ferroelectric memory 
having the above structure according to the ninth embodiment is described below. 
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[00105] Each of the microchips 72 to 76 is provided. Recess portions (not 
shown) that position the microchips 72 to 76 are formed in the substrate 71. The 
microchips 72 to 76 are positioned in each corresponding recess portion formed in the 
substrate 71. Specific processing, including electrically connecting specific 
5 microchips 72 to 76, is performed, thereby integrating these microchips on the 
substrate 71. 

[00106] As described above, according to the ninth embodiment, the 
passive matrix array, the peripheral circuits therefor, and the SRAM can be separately 
fabricated. Therefore, the peripheral circuits are not adversely affected when 
10 fabricating the passive matrix array, thereby decreasing the degree of limitation in the 
fabrication process. 

[00107] According to the ninth embodiment, since specific associated 
circuits that have a function that is either the same or different from the ferroelectric 
memory are provided, a ferroelectric memory with added value can be fabricated. 
1 5 [00108] A tenth embodiment of the ferroelectric memory of the present 

invention is described below with reference to Fig. 1 8. 

[00109] In the ferroelectric memory according to the tenth embodiment, a 
passive matrix array 82, a word line driver circuit 83, and a bit line driver circuit 84 
are integrated in a single microchip 81, as shown in Fig. 18. The word line driver 
20 circuit 83 and the bit line driver circuit 84 are peripheral circuits which perform data 
read or write operations for each memory cell of the passive matrix array 82. 

[00110] As described above, according to the tenth embodiment, since the 
passive matrix array and the peripheral circuits are integrated in the single microchip 
81, steps in wiring between the passive matrix array and the peripheral circuits can be 
25 eliminated. This decreases the wiring length, whereby a ferroelectric memory that is 
capable of performing high-speed read or write operations can be fabricated. 

[00111] An eleventh embodiment of the ferroelectric memory of the present 
invention is described below with reference to Fig. 19. 

[00112] The ferroelectric memory according to the eleventh embodiment 
30 includes a plurality of (four in this example) microchips 8 1 of the tenth embodiment 
shown in Fig. 1 8. A plurality of microchips 81 and a control circuit microchip 86 are 
integrated on a substrate 87. 
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[00113] The control circuit microchip 86 is a microchip of a control circuit 
that controls memory cells of the passive matrix array in the microchips 81 and the 
like. 

[00114] Recess portions (not shown) that position a plurality of microchips 
5 81 and the control circuit microchip 86 are formed in the substrate 87. A plurality of 
microchips 81 and the control circuit microchip 86 are positioned in each recess 
portion, whereby each of these microchips is integrated on the substrate 87. 

[00115] An example of a method of fabricating the ferroelectric memory 
having the above structure according to the eleventh embodiment is described below. 
1 0 [001 16] Each of a plurality of microchips 8 1 and the control circuit 

microchip 86 is provided. Recess portion (not shown) that position the microchips 81 
and 86 are formed in the substrate 87. The microchips 81 and 86 are positioned in 
each corresponding recess portion formed in the substrate 87. Specific processing, 
including electrically connecting specific microchips 8 1 and 86, is performed, 
15 whereby these microchips are integrated on the substrate 87. 

[00117] As described above, according to the eleventh embodiment, since a 
plurality of microchips 81 is integrated on the substrate 87, a large-scale, large- 
capacity ferroelectric memory that is capable of performing high-speed operation can 
be fabricated. 

20 [001 18] A twelfth embodiment of the ferroelectric memory of the present 

invention is described below with reference to Figs. 20 and 21. 

[00119] In the ferroelectric memory according to the twelfth embodiment, a 
passive matrix array microchip 91 is integrated in a peripheral circuit microchip 92, as 
shown in Figs. 20 and 21. 

25 [00120] The passive matrix array microchip 91 is a microchip of a passive 

matrix array. The passive matrix array microchip 91 is positioned and integrated in a 
recess portion 95 formed at approximately the center of the peripheral circuit 
microchip 92. A word line driver circuit 93 and a bit line driver circuit (including 
sense amplifier) 94 are formed around the passive matrix array microchip 91. 

30 [00121] An example of a method of fabricating the ferroelectric memory 

having the above structure according to the twelfth embodiment is described below. 

[00122] The passive matrix array microchip 91 is provided as the passive 
matrix array. The recess portion 95 that positions the passive matrix array microchip 
91 is formed at approximately the center of the peripheral circuit microchip 92. The 
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word line driver circuit 93 and the bit line driver circuit 94 are formed around the 
recess portion 95. The passive matrix array microchip 91 is positioned in the recess 
portion 95 formed in the peripheral circuit microchip 92. The passive matrix array 
microchip 91 is integrated on the peripheral circuit microchip 92 through specific 
5 processing including electrically connecting the passive matrix array microchip 91 to 
the word line driver circuit 93 and the like. 

[00123] As described above, according to the twelfth embodiment, the 
passive matrix array and the peripheral circuits therefor can be separately fabricated. 
Therefore, the peripheral circuits are not adversely affected when fabricating the 
10 passive matrix array, thereby decreasing the degree of limitation in the fabrication 
process. 

[00124] According to the twelfth embodiment, since the passive matrix 
array microchip 91 is positioned and integrated in part of the peripheral circuit 
microchip 92, miniaturization of the ferroelectric memory can be achieved. In 

1 5 addition, a plurality of peripheral circuit microchips 92 in which the passive matrix 
array microchip 91 is positioned in part thereof may be integrated on the substrate to 
provide a large-capacity ferroelectric memory. 

[00125] A thirteenth embodiment of the ferroelectric memory of the present 
invention is described below with reference to Fig. 22. 

20 [00126] In the ferroelectric memory according to the thirteenth 

embodiment, a plurality of (two in this example) passive matrix array microchips 101 
and 102 is integrated in layers in a substrate 103, as shown in Fig. 22. 

[00127] A tapered recess portion 104 is formed in the substrate 103. The 
passive matrix array microchip 101 is positioned at the bottom of the recess portion 

25 104. Drain wiring 105 is formed on the passive matrix array microchip 101. The 

passive matrix array microchip 102 is formed on the drain wiring 105. An insulating 
sealing film 106 is formed on the passive matrix array microchip 102. Drain wiring 
107 connected to the passive matrix array microchip 102 is formed on the insulating 
sealing film 106. 

30 [00128] The drain wiring 105 and the drain wiring 107 are connected to 

specific peripheral circuits (not shown) for the passive matrix array microchips 101 
and 102. 

[00129] An example of a method of fabricating the ferroelectric memory 
having the above structure according to the thirteenth embodiment is described below. 
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[00130] A plurality of passive matrix array microchips 101 and 102 is 
provided. After forming the recess portion 104 in the substrate 103, the passive 
matrix array microchip 101 is positioned in the recess portion 104. The drain wiring 
105 is formed on the passive matrix array microchip 101. The passive matrix array 
5 microchip 102 is formed on the drain wiring 105. After forming the insulating sealing 
film 106 on the passive matrix array microchip 102, the passive matrix array 
microchip 102 is connected to the drain wiring 107. 

[00131] As described above, according to the thirteenth embodiment, since 
the passive matrix array microchips 101 and 102 are integrated in layers in the 
10 substrate 103, a higher degree of integration can be achieved. 

[00132] A fourteenth embodiment of the ferroelectric memory of the 
present invention is described below with reference to Fig. 23. 

[00133] In the ferroelectric memory according to the fourteenth 
embodiment, a plurality of passive matrix array microchips 101 and 102 is integrated 
15 in layers in the substrate 103 in the same manner as in the thirteenth embodiment 
shown in Fig. 22. However, the internal structure of the fourteenth embodiment is 
designed as shown in Fig. 23 . 

[00134] Specifically, the tapered recess portion 104 is formed in the 
substrate 103. The passive matrix array microchip 101 is positioned at the bottom of 
20 the recess portion 104. The passive matrix array microchip 101 is connected to the 
drain wiring 105. An insulating film 108 is formed on the passive matrix array 
microchip 101. A planarized film 109 is formed on the insulating film 108. The 
passive matrix array microchip 102 is formed on the planarized film 109. An 
insulating film 1 10 is formed on the passive matrix array microchip 102. The passive 
25 matrix array microchip 102 is connected to the drain wiring 107. 

[00135] An example of a method of fabricating the ferroelectric memory 
having the above structure according to the fourteenth embodiment is described 
below. 

[00136] A plurality of passive matrix array microchips 101 and 102 is 
30 provided. The insulating films 108 and 110 with through-holes formed therein have 
already been formed. After forming the recess portion 104 in the substrate 103, the 
passive matrix array microchip 101 is positioned in the recess portion 104. The drain 
wiring 105 is then formed. 
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[00137] After forming the planarized film 109, the passive matrix array 
microchip 102 is formed on the planarized film 109. The drain wiring 107 is 
connected to the passive matrix array microchip 102. 

[00138] As described above, according to the fourteenth embodiment, since 
5 the passive matrix array microchips 101 and 102 are integrated in layers in the 
substrate 103, a higher degree of integration can be achieved. 

[00139] As described above, according to aspects of the invention, the 
passive matrix array and the peripheral circuits therefor can be separately fabricated. 
Therefore, the peripheral circuits are not adversely affected when fabricating the 
10 passive matrix array, thereby decreasing the degree of limitation in the fabrication 
process. 

[00140] According to another aspect of the invention, since the passive 
matrix array and the like are formed by a plurality of microstructures, not only can the 
degree of limitation in the fabrication process be decreased, but also a large-capacity, 
1 5 large-scale ferroelectric memory can be fabricated. 

[00141] According to another aspect of the invention, the passive matrix 
array and the like are formed by a plurality of microstructures. These microstructures 
are positioned in the recess portions formed in the substrate. Therefore, not only can 
the degree of limitation in the fabrication process be decreased, but also a plurality of 
20 microstructures can be mounted on the substrate at the same time. 

[00142] According to another aspect of the invention, since the substrate is 
formed by transfer molding a photocurable resin, the substrate can be formed at low 
cost. 

[00143] According to another aspect of the invention, each of the passive 
25 matrix array and the like is formed by microstructures. Each of these microstructure 
is disposed on either the front face or the back face of the substrate. Therefore, not 
only can the degree of limitation in the fabrication process be decreased, but also a 
large-capacity, large-scale ferroelectric memory can be fabricated. 

[00144] According to another aspect of the invention, since specific 
30 associated circuits that have a function that is either the same or different from that of 
the ferroelectric memory are provided, a ferroelectric memory with added value can 
be fabricated. Moreover, since the passive matrix array, the peripheral circuits 
therefor, and the like can be separately fabricated, the peripheral circuits are not 
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adversely affected when fabricating the passive matrix array, thereby decreasing the 
degree of limitation in the fabrication process. 

[00145] According to another aspect of the invention, since the passive 
matrix array and the peripheral circuits are integrated in a single microstructure, steps 
5 in the wiring between the passive matrix array and the peripheral circuits can be 

eliminated. This decreases the wiring length, whereby a ferroelectric memory capable 
of performing high-speed read or write operation can be fabricated. 

[00146] According to another aspect of the invention, the passive matrix 
array and the peripheral circuit are respectively formed by first and second 
10 microstructures, wherein the first microstructure is positioned in part of the second 
microstructure. Therefore, not only can the degree of limitation in the fabrication 
process be decreased, but also miniaturization of the ferroelectric memory can be 
achieved. 

[00147] According to another aspect of the invention, the passive matrix 
1 5 array is formed by a plurality of microstructures, wherein a plurality of 

microstructures is integrated in layers in the substrate. Therefore, a higher degree of 
integration and densification of the passive matrix array can be achieved. 

[00148] According to other aspects of the invention, since the passive 
matrix array and the peripheral circuits therefor are independently provided, the 
20 peripheral circuits are not adversely affected when fabricating the passive matrix 
array, thereby decreasing the degree of limitation in the fabrication process. 

[00149] According to another aspect of the invention, the passive matrix 
array and the like are formed by a plurality of microstructures, wherein the 
microstructures are positioned in the recess portions formed in the substrate. 
25 Therefore, not only can the degree of limitation in the fabrication process be 

decreased, but also a plurality of microstructures can be mounted on the substrate at 
the same time. 

[00150] According to another aspect of the invention, a plurality of 
microstructures can be mounted on the substrate at the same time. 
30 [00151] According to another aspect of the invention, each of the passive 

matrix array and the like is formed by a microstructure, wherein each of these 
microstructures is disposed on either the front face or the back face of the substrate. 
Therefore, not only can the degree of limitation in the fabrication process be 
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decreased, but also a large-capacity, large-scale ferroelectric memory can be 
fabricated. 

[00152] According to another aspect of the invention, the passive matrix 
array and the peripheral circuit are respectively formed by first and second 
microstructures, wherein the first microstructure is positioned in part of the second 
microstructure. Therefore, not only can the degree of limitation in the fabrication 
process be decreased, but also miniaturization of the ferroelectric memory can be 
achieved. 

[00153] According to another aspect of the invention, the passive matrix 
array is formed by a plurality of microstructures, wherein a plurality of 
microstructures is integrated in layers in the substrate. Therefore, a higher degree of 
integration and densification of the passive matrix array can be achieved. 



